Following our previous work of Lachowicz & Czerny (2005) , we explore further the application of the continuous wavelet transform to X-ray astronomical signals. Using the public archive of the XMM-Newton satellite, we analyze all available EPIC-pn observations for nearby Seyfert 1 galaxies MCG-6-30-15 and NGC 4051. We confine our analysis to 0.002-0.007 Hz frequency band in which, on the way of theoretically motivated premises, some quasi-periodic oscillations (QPOs) are expected to be found. We find that indeed wavelet power histogram analysis reveals such QPOs centered at two frequencies of ∼2.5 × 10 −3 Hz and ∼4 ÷ 6 × 10 −3 Hz, respectively. We show that these quasi-periodic features can be disentangled from the Poisson noise contamination level what is hardly to achieve with the standard Fourier analysis. Interestingly, we find some of them to be in 2:1 or 3:2 ratio. If real, our finding may be considered as a link between QPOs observed in AGN and kHz QPOs seen in X-ray binary systems.
INTRODUCTION
One of the most remarkable features of the X-ray emission coming from active galactic nuclei (AGN) is their time variability. Rapid and aperiodic, rather than predictable and deterministic (e.g. Lawrence et al. 1987; McHardy & Czerny 1987; Mushotzky et al. 1993) , was quickly linked to processes taking place in the vicinity of the central black-holes. In a recent widely accepted unified model of AGN (e.g. Urry & Padovani 1995) , soft X-rays/UV photons are emitted close to the central object in accretion disk and undergo upscattering via the inverse Compton process to higher energies in a hot plasma (e.g. Sunyaev & Titarchuk 1980) . Thus, information about intrinsic physical properties of the X-ray emitter is transmitted to the observed X-ray flux which is affected by the Poisson noise process occurring as a result of their detection (e.g. van der Klis 1989).
The most classical way of description of broad-band variability of AGN is an estimation of the Fourier power spectral density (PSD). It gives an idea about the power of variable components (in terms of mean of the squared amplitude) as a function of frequency or, inversely speaking, at characteristic time-scales related to the source. A commonly applied practice for all AGN is to study the overall shape of ⋆ E-mail: paulo@camk.edu.pl -6-30-15 analyzed in this paper with the wavelet analysis. Here, for visual purposes, data were plotted with 100 s resolution.
towards understanding their time variability. As a subject of our study we choose MCG-6-30-15 and NGC 4051 which are frequently observed sources with a high count rate in X-ray energy band. MCG-6-30-15 is a nearby Narrow-Line Seyfert 1 galaxy located at z = 0.007749. It belongs to the one of the brightest in its own class. It shows up a very broad FeK line what might suggest that a central black-hole of a mass 2.9 +1.8 −1.6 × 10 6 M⊙ (McHardy et al. 2005 ) is spinning rapidly and relativistic effects of space-time affect observed X-ray flux properties. A broad study of X-ray variability aspects for MCG-6-30-15 have been done by Ponti et al. (2004) [rev. 108] and Vaughan, Fabian & Nandra (2003) [rev. 301, 302, 303] . The latter found a typical PSD slope value of α ≈ 2.5 breaking to the flatter one (α ≈ 1) below ∼ 2 × 10 −4 Hz. High-resolution PSD revealed a dominant white noise component at frequencies > ∼ 5 × 10 −3 Hz in 0.2-10 keV band. NGC 4051 is another nearby Narrow-Line Seyfert 1 galaxy (z = 0.0023) which displays a complex spectral behavior and highly variable X-ray flux (e.g. Ponti et al. 2006) . Its PSD reveals energy independent bending at 8 +4 −3 × 10 −4 Hz frequency changing a slope from -1.1 to about -2 (McHardy et al. 2004 ). Vaughan & Uttley (2005) showed some evidences of QPO structure to be present at about 5 × 10 −3 Hz which may be either real or arise due to inappropriate continuum model used in PSD fitting. A black-hole harbored in the heart of NGC 4051 are considered to have a mass of 2÷11×10 5 M⊙ (Shemmer et al. 2003; McHardy et al. 2004 ). In this paper we apply the wavelet analysis to publicly available EPIC-pn/XMM-Newton observations of MCG-6-30-15 and NGC 4051 in order to examine the time-frequency domain of their variability. Our paper is organized as follows. In Section 2 we describe the details of data selection and reduction. Section 3 contains a discussion of the wavelet analysis issue stressing some crucial properties. The results of data analysis and their discussion are presented in Section 4. We conclude in Section 5.
DATA SELECTION AND REDUCTION
For almost all XMM-Newton (Jansen et al. 2001 ) observations of MCG-6-30-15 and NGC 4051, a pn (Strueder et al. 2001 ) and two MOS (Turner et al. 2001 ) CCD detectors of the European Photon Imaging Camera (EPIC) were operating simultaneously. Due to increased soft-p + flaring level detected in the data coming from the MOS cameras, we decided to ignore them in our analysis. We processed all odf files with the XMM-Newton Science Analysis Software (SAS v.7 .0) using the most updated calibration files. Pn event lists were extracted using the standard processing SAS tool of epchain. The source's counts were read out from a circular region (centered for ′′ (rev.301) and 40 ′′ for the rest. A SAS tool tabgtigen was applied to create good time interval (GTI) masks which were used in filtering the original pn event files. The background scientific products were extracted from the circular regions (of the same radius as used for the source) on the same chip-set around the galaxies. The analysis of the pn data was performed using both single and double events (i.e. pattern ≤ 4). In result, 0.5-10 keV light curve with time resolution of ∆T = 10 s for each XMM-Newton data set was extracted and corrected for the background (Figure 1 and 2) . We choose data analysis in that particular energy band to have highest possible signalto-noise ratio 1 . In addition, to work only with evenly distributed records, we applied an interpolation of that counts where X-ray flux: (a) dropped to zero, and/or (b) lay above 3σ around the mean (within a given segment; see below) and (c) a number of such nearby laid points was less then 10. That correction comprised not more than 1 per cent of all data points in all seven data sets. Periods of distorted flux level (i.e. close to zero), continuous and longer than 200 s were skipped.
For the purpose of the wavelet analysis, each resulting light curve 2 was divided into Tseg ≃ 10 4 s long segments what establishes a sample of data to be analyzed. Their total number, Mseg, yielded 41 and 13 for MCG-6-30-15 and NGC 4051, respectively.
All performed calculations of the continuous wavelet transform were done using the matlab software provided by Torrence & Compo (1998, hereafter TC98) and Grinsted, Moore & Jevrejeva (2004) .
WAVELET ANALYSIS
The wavelet analysis constitutes an alternative tool in a time-series analysis when confronted with the classical approach based on the Fourier techniques. In the latter, a signal decomposition with the analyzing function, ψ, of the form of e if t allows to detect strictly periodic modulations buried in the signal. Signal integration in the Fourier transform is performed along its total duration. Thus, one cannot claim anything about time-frequency properties of periodic components like their life-times or time-localizations. A simple solution to this problem has been found via the application of windowed Fourier transform (e.g. Cohen 1995), i.e. computation performed for a sliding segment of timeseries (much shorter than a whole signal span) along the time axis. That returns a time-frequency chessboard of equal resolution everywhere dictated by the Heisenberg-Gabor uncertainty principle (Weyl 1928; Gabor 1946; Brillouin 1959; Flandrin 1999) . A drawback of that method lies in the loss of information about fine and temporal quasi-periodic fluctuations (for example at high frequencies) which are simply smeared due to insufficient resolution.
The wavelet analysis treats this problem more friendly as a basic concept standing for its usefulness relay on probing time-frequency plane at different frequencies with different resolutions. It can be achieved by selecting the analyzing function ψ of finite duration in time that meets, in general, Talking about wavelet analysis we mainly refer to the computation of a wavelet power spectrum defined as the normalized square of the modulus of the wavelet transform:
Otherwise we stress the term we mean, for example, crosswavelet spectrum or wavelet coherence (Kelly et al. 2003; Grinsted, Moore & Jevrejeva 2004) . Here, for an introduction to the concept of continuous wavelet transform, we refer a reader to our first paper of LC05 and references therein. We find there the best analyzing function (a mother wavelet) for X-ray signals to be the Morlet wavelet, ψ(t) = π −1/4 e i2πf 0 t e −t 2 /2 , with 2πf0 parameter set to 6. It oscillates due to a term of e it , has a complex form and suits perfectly to probe a quasi-periodic modulations at different frequencies.
Below, we extend our previous discussion on wavelet analysis (LC05) paying a special attention to its usage in case of astronomical time-series following the Poisson distribution and to general wavelet map characteristics.
Heisenberg-Gabor uncertainty principle
Despite a promising step forward, the wavelet analysis suffers from the same problem encountered in the Fourier techniques, namely, the Heisenberg-Gabor uncertainty principle. Applied to time-series it says that one cannot determine in an exact way both time and frequency location of extracted features (wavelet peaks) simultaneously. Certain uncertainty σ exists and the product of frequency band-width ∆f with a time duration of the signal ∆t cannot be less than a minimal value given by: Flandrin 1999) . One can represent the spread of the wavelet in the time-frequency domain by drawing boxes of side lengths 2∆t by 2∆f known as Heisenberg boxes. For the Gaussian windowed functions as used in the Morlet wavelet, the product of ∆t∆f is exactly equal 1/4π. An exemplary chessboard of time-frequency signal decomposition for the wavelet transform is shown in Figure 3 . Shapes of the boxes represent the actual resolution at the wavelet map in a function of linearly increasing frequencies. At high frequencies an increase in spread of spectral components is related to decrease in a wavelet width in a time domain. A reverse situation takes place at lower frequencies. Due to this fact, a sinusoidal fluctuation of the finite and the same time duration, located at frequencies f1, f2, f3 where f1 < f2 < f3, will differ in their time-frequency properties in the wavelet map ( Figure 3 ). We will return to this point in Section 3.4.
Significance of wavelet peaks for Poisson signals
A map of wavelet power spectrum shows up a distribution of spectral components in the time-frequency plane. Single and finite oscillation, of sufficiently high amplitude to be detected, marks itself in the map as a (wavelet) peak. To every peak a certain statistical significance can be assessed. It was done for the first time by TC98. We say that a wavelet peak is significant with an assumed per cent confidence when it is above a certain background spectrum. The latter is determined by the mean power spectrum of analyzed timeseries. TC98 considered and adopted in the publicly available software the background power spectrum of the following form:
which refers to an assumption that tested signal can be considered as a realization of univariate lag-1 autoregressive (AR1) process:
where α is lag-1 autocorrelation, z l denotes a random variable drawn from the Gaussian distribution and x0 = 0. They showed that the distribution of the local wavelet power spectrum follows χ 2 ν distribution with ν degrees of freedom (equal 1 or 2 for a real or complex wavelet, respectively).
However, a simple Lorentzian-shape power spectrum given by equation (3) is not a good representation of a broad-band PSD shape of MCG-6-30-15 and NGC 4051 (e.g. Vaughan & Uttley 2005) ; the latters are better fitted with broken power-law models plus white noise.
In the present paper we aim at modeling very short light curves (Tseg ≃ 10 4 s, see Section 2) which are dominated by the Poisson white noise component. Therefore, in order to define the background spectrum for a signal of Poisson distribution, we recall equation A7 of LC05 that defines, here, a normalized square of modulus of discrete form of continuous wavelet transform in terms of the Fourier transform as:
where the discrete Fourier transform of signal x l is given bŷ
j denotes a frequency index, N obs a number of data points andx a mean value of x l 3 . presented a discussion on popular normalizations of X-ray Fourier power spectra, namely A|xj| 2 . Among them we find
obs as the most interesting for our purposes: (i) it has the property that for such normalized power spectrum the expected Poisson noise level equals simply 2, and (ii) for any signal following the Poisson distribution, resulting power spectrum should be distributed exactly as χ with 2 degrees of freedom (Leahy et al. 1983) . That fact allows us thus to construct the background spectrum for Poisson data as follows:
assuming that the input light curve x l is in units of cts s
and, what most important, the normalization factor of the wavelet power spectrum equals:
Therefore the integrated wavelet spectrum over time (global wavelet spectrum) defined as previously (LC05) in the form of:
will hold the units of cts s −1 Hz −1 , the same as A|xj| 2 . Assuming normalization of (8) and recalling property (ii) given above, by the analogy to TC98, the local wavelet power spectrum ought to be χ 2 2 distributed, i.e.
for each time location k and at particular scale am. In general, this is always provided by the central limit theorem: the Fourier transform is the sum over time of a function of all x l and in the limit of large N obs this sum tends asymptotically to Gaussian distribution. Summarizing the above, for shortly spanned X-ray light curve (provided widely e.g. by the detectors on board XMMNewton or RXTE facilities) any wavelet peak standing significantly above the mean background spectrum given by (7) can be considered as a true feature at assumed significance level 4 . Figure 5 . Upper: a dependence of frequency spread of the wavelet peak in a function of its location at frequency f in the wavelet map. Bottom: a dependence of ratio of observed peak duration to the actual one in a function of signal localization at a given frequency (valid for ∆T = 10 s; see Section 3.4).
Statistical description of a wavelet map
Depending on the frequency band that we wish to analyze with the wavelet analysis, a long-lasting light curve (of duration T and time resolution ∆T ) is advised to be divided into Mseg segments (of duration Tseg). Therefore, for every segment the wavelet power spectrum can be computed individually. In the resulting wavelet maps, as the wavelet peak one may define the contour of its statistical significance calculated at the given level. In order to describe quantitatively the content of peaks and their time-frequency properties along T , we propose:
(i) to determine a median position of each peak: in time, ⌊t0⌉, and in frequency, ⌊f0⌉;
(ii) to give the total number of peaks, Np, per light curve; (iii) to determine the average number of peaks per segment, Np/Mseg; (iv) to read out a horizontal and vertical span and denote them as observed peak duration δt obs and its width in frequency δf obs , respectively, where δt obs should be corrected for the effect of the peak location at frequency f (see Section 3.4 for details);
(v) to calculate a median value of (sinusoidal) oscillations, ⌊Nosc⌉, i.e. for case when assumed ψ(t) is the Morlet wavelet and thus Nosc = ⌊f0⌉δt for each peak.
The above set of parameters can be treated as a basic one and used for the future purposes of comparison of results from the wavelet analysis between different X-ray sources.
Wavelet peak resolution as a function of frequency
In order to quantify the dependencies of the signal duration δt and its width in frequency domain, δf , as a function of the peak location at frequency f , the following simulation was performed. We generated a light curve of the total duration of T = 40000 s at bin time ∆T = 10 s with 10 sine function yi = sin(2πfit)+const, fi = 0.001i and i = 1, 2, ..., 10. Each yi was assumed to last through a constant period of time of δt = 1500 s, separated from each other by about 1500-2000 s in such a way that const value was assumed between the sinusoidal parts of the signal. No noise component was added as we were interested only in a basic response of the wavelet transform to tested signals. A simplified wavelet map for that simulation is presented in Figure 4 . For a given wavelet peak its time-frequency location in the map was determined as given in Section 3.3 and marked by a dot in the figure. As tested before (LC05), due to irregularities in the peaks' shapes, in order to obtain best peak position, a median value was found to work better rather than a mean. Here, it returns a location in frequency with the average error of the order of 10 −4 , namely fi = 0.001(±0.0001)i for i = 2, 3, ..., 10.
In Figure 5 (upper panel) the relation between δf obs of the peak as a function of f is given. A solid line represents the best fit to the data of the quadratic form:
Therefore, a quantity of δf obs /2 can serve as a rough estimation of an error we make in attempt of determination of the peak position at given frequency. A second and non-negligible wavelet map property pertains to the dependence of the ratio of observed peak lifetime to the actual one (i.e. assumed or/and known in advance) as a function of f . It is not constant as one might expect. Figure 5 (bottom panel) presents this relation. Here, a solid line denotes the best fit of assumed model y(f ) = a/f + b. Therefore, one can correct the observed life-time of the wavelet peak, δt obs , for its real duration, δt, in the following way:
Formula (12) can be treated as a good approximation of δt with a relative error about 2 per cent for the wavelet map calculation in 0.0008-0.01 Hz band. We would like also to note that relations (11) and (12) ought to be recalculated depending on our choice of ∆T . Here, they are valid for ∆T = 10 s.
RESULTS AND DISCUSSION
We construct the wavelet power spectrum maps for Mseg segments of data and characterize the source activity during a given period by extracted wavelet peaks at the significance level of 98 per cent 5 . Figure 6 (upper panel) presents an exemplary outlook of such time-frequency decomposition performed for one segment of data (rev. 301). In the bottom panel of the same figure we show the corresponding Fourier power spectrum calculated for the same frequency band as given in the wavelet map. The red straight line represents the mean background spectrum expected to be the Poisson noise level (Section 3.2). For every light curve we calculate its statistical characteristics as described in Section 3.3 and Table 1 . Properties of the localized peaks in the wavelet maps between 0.002-0.007 Hz (0.5-10 keV) for the assumed significance level of 98 per cent. Mseg denotes the number of segments the given light curve was divided into. Np stands for the total number of detected wavelet peaks. ⌊δt⌉ and ⌊δf ⌉ are the median values of wavelet peak life-times and frequency widths, respectively, whereas ⌊Nosc⌉ is the median value of the sinusoidal oscillations among all peaks.x denotes the mean count rate of the light curve. summarize them in Table 1 . In Table 2 we compare globally the properties between MCG-6-30-15, NGC 4051 and simulated light curves of Poisson noise. Interestingly, the average life-time of the peaks does not seem to be constant function of frequency at which they occur. It is shown in the upper panel of Figure 7 . For MCG-6-30-15 the existing variability structures tend to live longer at longer time-scales but for NGC 4051 the same behavior is different. Oscillations live longer with increasing frequency, peaking at about 4.5×10 −3 Hz and then suddenly drop down by a factor of 20. The cause of this rapid drop is unclear at this stage of research.
Statistical properties of wavelet activity
The same cannot be read out for the ratio of the peak frequency to its width, denoted widely in the literature as a quality factor, Q = f /δf . For both sources is remains approximately constant with the average value of Q ≃ 3.
The results obtained from the wavelet analysis also provides us with the opportunity of the histogram representation (hereafter also referred to as the wavelet power histogram) of the total number of detected oscillations at a given frequency. It can be considered as an analogue to the global wavelet power spectrum or the Fourier power spectrum. We performed a computation of such histograms for every light curve separately and displayed the result in the form of stacked bar graph for MCG-6-30-15 (Figure 8a ) and NGC 4051 (Figure 8b) , respectively. These graphs show up contributing amounts of the wavelet peaks detected in each observation to their overall activity at given frequency. As denoted by Ponti et al. (2006) , the second XMM-Newton observation of NGC 4051 (rev. 541) was timed to coincide with an extended period of its low X-ray emission that is why the total number of extracted events from this observation is very low (Table 1) .
For MCG-6-30-15 the histogram reveals a sort of bimodal distribution with a distinctive peak at ∼2.5×10
−3 Hz and a broad one centered at ∼5 × 10 −3 Hz, respectively. It is difficult to judge its reality looking only at the Fourier power spectra (cf. figure 4 in Vaughan, Fabian & Nandra 2003) . However, it is worth to mark that our high frequency (HF) peak stays in a good agreement with some predictions for HF QPO (to be in 0.5 − 3 × 10 −3 Hz) of Vaughan & Uttley (2005) . A less pronounced bimodal character can be seen for the NGC 4051 wavelet power histogram. Here, an indication of QPO at 5 × 10 −3 Hz in NGC 4051 (mentioned in Section 1) differs comparing to our results.
Histograms for both galaxies were calculated at assumed significance level of 98 per cent. We have checked the results for 95-99 per cent band of significance and we have found that only for 99 per cent level the histograms failed to show up a bimodal distribution due to lowest number of extracted peaks. Therefore, 98 per cent level was assumed by us as the highest possible level in order to perform calculations and the analysis of results.
Wavelet analysis of pure Poisson noise and an excess wavelet power histogram
Vaughan, Fabian & Nandra (2003) performed a detailed Fourier power spectrum analysis for MCG-6-30-15 observations at rev. 301, 302 and 303. For high-frequency periodograms estimated using ∆T = 10 s they found that a red-noise PSD of the source can be seen for frequencies < ∼ 3 × 10 −3 Hz. It is intuitively confirmed in the bottom part of Figure 6 , though, in this case Tseg ≃ T /8, i.e. time-series is much shorter than a whole light curve duration. Therefore, based on the Fourier technique results one can consider 0.003-0.007 Hz fully dominated by the Poisson noise. Hereby, we challenge this statement to may be not fully correct by performing the following Monte-Carlo simulation.
To find out about the ratio of all wavelet peaks appearing in the wavelet maps due to pure Poisson noise to the total number of peaks observed for MCG-6-30-15 (and NGC 4051), we generated 1000 light curves of duration 10 4 s each at ∆T = 10 s. Here, we followed the same procedure as described in section 5.1 of LC05 (equation 13), however assuming a constant value equal to the average count rate in MCG-6-30-15 and NGC 4051 EPIC-pn data, i.e. ≃15 cts s −1 (0.5-10 keV). For every single time-series the wavelet power spectrum in 0.002-0.007 Hz frequency band was calculated and statistical characteristics (of Section 3.3) were done. Table 2 confronts the wavelet peak properties between these obtained for two galaxies (all light curves included) and from the simulation. The most striking result pertains to the ratio of the average number of peaks (per segment) extracted for MCG-6-30-15 and for pure Poisson process realization 6 which is equal to ∼2. Therefore, this ratio says that statistically about half of all observed wavelet peaks in 0.5-10 keV X-ray MCG-6-30-15 emission is of the pure noise origin. NGC 4051 occurs to be more active with the average number of peaks per segment of ∼6.5 where only 24 per cent of them can arise due to noise.
In order to visualize the distribution of wavelet peaks being a pure noise contamination, we construct the noise histograms in the following way. We group m × Mseg simulated light curves of Poisson noise into m parts. For each part (composed of Mseg segments) first we sort the list of peaks according to frequency and then we calculate a histogram (10 bins with 0.0005 Hz bin-width). Finally, for all of m histograms, in a given histogram-bin we compute the mean number of peaks, Np , and associated error. The latter appears to be of the order of 10 −2 . Here, m was assumed to be equal 24 and 76 for MCG-6-30-15 and NGC 4051, respectively. In result we found that both histograms revealed a uniform distribution of peaks as a function of frequency with the mean value, Np = 6.17 and 1.96 for m = 24 and 76, respectively. Figure 8c shows up the noise histogram corresponding to m = 24 and Mseg = 41 (the error bars have been omitted).
This outcome can serve us as a good estimation of the average number of wavelet peaks in the light-curves that are of a pure noise origin. Therefore, it also allows us to subtract Np value from the data (Figure 8a,b) obtaining an excess wavelet power histogram presented in Figure 9 for both galaxies. Thus, the excess histogram provides us with information on the wavelet peak distribution in the source disentangled from the average level of wavelet peaks arising only due to noise process. They suggest that two resonances may be present here, the 3:2 resonance that is also common in the Galactic black hole and neutron star sources, and a 2:1 resonance.
The frequency-frequency (f high vs. f low ) plot
Quasi-bimodal distribution of peaks that can be seen in Figure 9a suggests that MCG-6-30-15 may show double peak QPOs (with frequencies f high and f low ) as indeed many Galactic black hole and neutron sources do. One can read out from this figure that the ratio is equal about f high : f low ≃ 2 : 1 assuming f high and f low to be ∼0.0055 Hz and ∼0.0025 Hz, respectively. If the histogram peak at ∼0.00375 Hz goes into a play that indicates also at 3:2 frequency ratio. Similar ratios can be found for the excess histogram of NGC 4051 (Figure 9b ). We decided to investigate this case more carefully. We divided the list of wavelet peaks detected in each of four MCG-6-30-15 light curves into two parts of equal amounts. Thus, for 8 parts of data we calculated 8 histograms (10 bins) of the peak distribution as a function of frequency. Each histogram revealed two distinctive and well separated peaks at frequencies denoted here as f low and f high , respectively. In order to increase the precision of frequency determination we also checked the histograms with 11 and 12 bin resolution. Where needed, 8 and 9 bin widths were also investigated. By the average error of determination of peak position we assumed a half of the peak width. In result, we plotted the relation of f high as a function of f low for given 8 pairs in one figure (see Figure 10) . We have repeated the same procedure for NGC 4051 (5 pairs) obtaining very similar results.
Rather remarkably, for both sources a few points locate along a 3:2 frequency ratio line, and the rest close to a 2:1 line. No other combinations are observed. the 3:2 ratio (and stressed its importance) in the X-ray variability data of the microquasar GRO J1655-40 analyzed by Strohmayer (2001) ; see also McClintock & Remillard (2003) . Abramowicz et al. (2003) argued that the 3:2 ratio is also evident in the case of the neutron star QPOs. Although the ratio is varying, it clearly distinguishes the 3:2 value (see Belloni et al. 2005 for a criticism). There is a consensus today that the commensurable frequency ratios, and 3:2 in particular, are an important property of the QPO phenomenon in microquasars and neutron star sources (for recent references see Török et al. 2005) . It has been pointed out by Kluźniak & Abramowicz (2000) that a commensurable frequency ratio suggests a resonance, and that the double peak QPO in microquasars and neutron stars are due to a similar non-linear resonance between two modes of accretion disk oscillations in strong gravity. Our results may suggest that the same 3:2 resonance operates also in the MCG-6-30-15 and NGC 4051 accretion discs. The full theoretical discussion of this suggestion will be presented in a follow-up paper, now in preparation. Here, we would like to make only one comment, on the QPO frequency scaling with the inverse mass of the source, that is theoretically expected in strong gravity. McClintock & Remillard (2001) noticed that for three microquasars with known mass (see also Török et al. 2005) , the QPO frequency indeed scales according to:
Hz.
In Figure 11 we show that this scaling holds for NGC 4051 with the commonly adopted mass M = 2÷11×10 
CONCLUSIONS
We have presented the results of the wavelet analysis for two Narrow-Line Sy1 galaxies, MCG-6-30-15 and NGC 4051, in 0.5-10 keV energy band. The main points of our research can be summarized as follows:
(i) We explored the observational properties of timefrequency wavelet chessboard (Section 3) and proposed a set of common parameters that can be used in the future in order to compare wavelet power spectrum results obtained for different X-ray sources (Section 3.3);
(ii) We discussed and showed (Section 3.2) that the most proper mean background spectrum required in the tests for the significance of wavelet peaks in case of Poisson signals can be assumed as given by equation (7); (iii) We showed that the wavelet (histogram) analysis is a powerful and efficient method to extract real signals buried in the Poisson noise which are present in the data for very limited fraction of time, and how to disentangle them from that noise (Section 4.2);
(iv) Finally, we seem to detect pairs of QPO oscillations in MCG-6-30-15 and NGC 4051, which are either in 2:1 or 3:2 resonance (Section 4.3). If confirmed in the future with extended number of observations for the same and/or other bright AGNs, our finding may indicate on a link between QPOs observed in AGNs and kHz QPOs seen in X-ray binary systems (Section 4.4).
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